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DPC-SWICHING TABLE control for PWM Rectifier

With the function of an Active

Power Filter Based

on a Novel Virtual Flux Observer

A. DJERIOUIY, K. ALIOUANE®, M. AISSANI? | EBOUCHAFAA®

Abstract — For improving the quality of the energy transfer from the power supply to the load, and reducing the harmful effects of the harmonics
generated by nonlinear load. We propose a new multi-function converter (MFC) as an efficient solution to improve the power quality. This paper presents a
new DPC strategy based on virtual flux Observer and switching table to control PWM rectifier achieving by this unit power factor and reducing the harmonic
current of the non linear load. The good dynamic and static performance under the proposed control strategy is verified by simulation and experiment.

Index Terms — Harmonics, Three phase APF, IP controller, pulse width modulated, PWM rectifier, DPC, virtual line flux linkage observer.

1. INTRODUCTION

owadays, harmonic pollution in electrical power systems due to
nonlinear loads such as AC-to-DC power converters has
become a serious problem.

To eliminate or reduce harmonics in the power systems, a number of
methods have been developed and put into practice. Active power
filters and PWM rectifiers are two typical examples of these methods.
The active power filter and PWM rectifier have basically the same
circuit configuration and can operate based on the same control
principle.

Therefore, we can design a power converter capable of both the

2. CoNTROL OF PwM RECTIFIER WITH ACTIVE FILTERING

FUNCTION

2.1. Control Method of PWM Rectifier (Virtual Flux)

The aim of Virtual Flux (VF) approach is to improve the VOC [2].
Here it will be used for instantaneous power

estimation. The simplified representation of a three phase PWM
rectifier system is given by Fig .2, where the phases of line are
represented by the virtual induction motor.

Thus, Reand Ly represent respectively the stator resistance and the
stator leakage inductance of the virtual motor. Uy, Uy, U,, are phase
to phase line voltages induced by a virtual air gap flux. In another
words the integration of the phase to phase Voltage leads to a virtual
line flux vector in stationary a8 coordintes (fig .3)

With these definitions :

active filter operation and PWM rectifier operation at the same time. _ ,[U dt )
Rectifier to supply DC power to its own load and, at the same time, Pr = f
operates as an active filter to supply to the AC line a compensating Where
current equal to the harmonic current produced by the nonlinear load 1 1
connected to the same AC line. (U, \/E 2 |[u, 2
. . . Uf[} B 3 '\/§ ch
This paper presents a new control method entitled direct power - 0 >
control (DPC) strategy based on a virtual
flux observer and switching table to control PWM rectifier with the
function of an active filter. (o, ] J'Ufad t
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Fig .2. Simplified representation of a three phase PWM rectifier d, .
system U, =a(|—-'f + ;) ™
1 1
{Usa} JE 157 EAM (5)  With the complex notation, the instantaneous power can be obtained
u, | \3 B B as follows
’ 0 = |WYeu P=Re(U,.i})
Virtual line flux vector ug line voltage vector, u; inductance voltage ®)
Vector i¢ -line current vector q= Im(Uf |:)
The voltage equation can be written as Where * denotes the conjugate line current vector can be calculated
d by the virtual flux
U, =Ri; +—(Li; + o) (6)
a U :5& :E((p ej‘”):dﬂe""’+ja)(p ej“’:dﬂej’”+ja)(p
TodtT dt dt ! dt !
9)
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Where a denotes the space vector and ¢y its amplitude. For the

virtual flux oriented d-q in /3 coordinates (Fig.3.)

Using (8) and (9)

do o . .
f :th +Jditf +Ja)((/7fa+1¢7fp)
a B
(12)
. |de . de| . . . L
U, =[dtfa'fp + JT;ﬁlfa + Jw<‘/’fa + waﬁ):|(lfa - Jlfﬂ)
That gives:
do(| . de| . . S
Pzditf Ifa+Jd7tf Ifﬁ+Ja)(¢m'lfﬂ+J¢fﬁ'lf¢z)
’ ’ (14)
= Fahﬁ + JFﬂ'fa + Ja)((/’fa-'fa + J(pfﬂ'lfﬂ)

For sinusoidal and balanced line voltage the derivatives of the flux are
null. The instantaneous active and reactive powers can be computed
as:
Pe = (D(¢fu'iﬂs _¢fﬁ-ifu)
(15)

dc = (D(¢fu-ifa - (Pﬂs-iﬂ;)
2.2. Block Scheme of power Virtual Flux observer:

The Basic block scheme of the VF-DPC system is given by Fig.1. The
converter voltages are estimated in the block as follows:

01, = [Up, dt+ L, *
(23)

Py = [Up,dt+Lig,

According to equation (22) and (23),the integrator can be used to
estimate the virtual flux ,but the initial value of flux must be estimated
firstly this makes simulation complex and DC offset could be
produced easily [9].

The novel virtual line flux observer and the comparison of the
observers are showed in fig 4 and fig 5 respectively, which distinctly
shows that the novel algorithm responds faster than the traditional
control.
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Fig 4 The novel virtual line flux linkage observer

The instantaneous active and reactive powers are observed in the block
(power observer) by measurement of line current and the observation of

the virtual flux components @y, , @; ;.

The command reactive power (. qr.r and active power P,

Vfa :\/?'Udc[sa _l(sb +Sc)j .
3 2 (16) (delivered form the outer PI-DC voltage controller) values are compared
with the estimated (q) and p values, in reactive and active powers
> hysteresis controllers, respectively.
pr = \/;U dc(Sb - Sc)
If (qref -q >H,) , d4=1; Else , dq =0;
If (pref -p > Hy), d,=1;Else d, =0; @)
Where U . is DC link voltage and S_S, S, switch states Hp and Hq are the hysteresis band. Table I shows the switching table
for VF-DPC control
Sp | Sq 0, 0, 03 04 0s 0s 07 0g 09 Oy 011 01,
1 0 Vo | Vo | Vi | Vo | Vo | Vo | Vo | Vol Vul Vo | Vs | V
1 V, Vo vV, Vo V; V,
0 0 Vs V, V, Vs, V, Vs Ve
1 V, V, Vs V, Vs Ve V,

Table 1: SWITCHING TABLE

of converter. After that the virtual flux components are calculated

from the (7)

With:Vo(000),V7(111),V1(100),V4(110),V3(010),V4(011)Vs(001),

Ve( 101).
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Fig.6. PWM Rectifier With the function of an Active Power Filter
experimental test bench.

Fig.3.Virtual flux plane 12 sectors

i Pos: 2.040s

The figure 3 shows the 12 voltage sectors plane for switching table.

3. EXPERIMENTAL RESULTS S
In this section, experimental results are shown to test the proposed T S P TS PP PP PP
controller using a prototype. For this purpose, the three-phase two- 3 . N I eid
level power converter of Fig. 6 has been developed, with a digital ;F . S
implementation of the control algorithm that has been executed in a R R
TMS3201f2407-40 MHz which has two high-resolution analog to
digital (A/D) converters (0.8ps-10bit) provide very fast processing for s T
fixed point calculations. ' : —
TABLE Il T
ELECTRICAL AND CONTROL PARAMETERS FOR THE EXPERIMENTAL SYSTEM : : :
resistance of reactors 29Q CHT SUOmY CHZ 500 s
ation
inductance of reactors 11 mH :
resistance of reactors 25 Q | W R
inductance of reactors 7.5 mH
e o e B S H e
IndUCtanCEthne ........ o
dc-link capacitor 4. 7mF
phase voltage (RMS) 110V | s e e e et e i e
Dc-link voltage 300V
PWM rectifier load: 110 Q o
dIOdeI‘EC'[IfIEHOad 429 .........
The hysteresis band was fixed | 0.01 - .uu-.- L : ._-.I_Il_rns L SRR
The electrical parameters of which are shown in Table II. E:ﬁrih?fsgatlon of PWM Rectifier under grid
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Fig 9. PWM rectifier operation without filtering operation [line voltage (v ) and line
current (i )].
Te

4 Pos: —1.400ms

Fig 10. Experiment waveforms of the novel virtual line flux observer.
Tek Tl [ O0ms [
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Fig 11. From top to bottom load ac current ac source current and active filter current.

THD=2.99%

Fig 12. Ac source current harmonic spectrum versus frequency

Fig.7. Fig. 8. Fig 9. Presents the start up the PWM rectifier operation.
It is noted the linear currents are sinusoidal and the control technique
presents a very good dynamic behavior, Thais thanks to Pl regulator
behavior used control the DC-link voltage. Under APF operation, the

line current becomes almost sinusoidal as well as in phase with line
voltage, which gives near-to-unity power factor.

As Fig. 10 shows, the virtual line flux and oriented angles switch
smoothly in the transient adjustment process, which indicates that the
DPC control strategy of PWM rectifier has a fast dynamic
performance and excellent output performance

4. CONCLUSION

This paper has proposed Direct Power Control (DPC) strategy based
on a novel virtual flux observer with switching table to control PWM
rectifier. The obtained results show that this control has a good
dynamics, and it offers sinusoidal line currents (low THD) for ideal
and distorted line voltage and compensates automatically the reactive
power part to improve the main power factor to unity, the three-phase
voltage-type PWM rectifier having also the function of an active
power filter has been investigated and its effectiveness has been
confirmed using a three-phase diode bridge rectifier with a smoothing
reactor as a nonlinear load.
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